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The long-term negative impact of
childhood stroke on language
Magdalena Heimgärtner1†, Alisa Gschaidmeier2,3†,
Lukas Schnaufer1,4, Martin Staudt1,5, Marko Wilke1,4 and
Karen Lidzba3*
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Tübingen, Germany, 2Center for Pediatric Neurology, Neurorehabilitation and Epileptology, Schön
Klinik Vogtareuth, Vogtareuth, Germany, 3Division of Neuropediatrics, Development and Rehabilitation,
University Children’s Hospital Inselspital, Bern University Hospital, University of Bern, Bern, Switzerland,
4Experimental Pediatric Neuroimaging, Children’s Hospital and Department of Neuroradiology,
University Hospital Tübingen, Tübingen, Germany, 5Center for Pediatric Palliative Care, Dr von Hauner
Children’s Hospital, University of Munich, Munich, Germany
Objectives: This study aims to investigate the long-term language outcome in
children with unilateral childhood stroke in comparison to those with perinatal
strokes and typically developing individuals and to explore the impact of
lesion-specific modifiers.
Methods: We examined nine patients with childhood stroke, acquired between
0;2 and 16;1 years (CHILD; 3 female, median= 13.5 years, 6 left-sided), 23
patients with perinatal strokes (PERI; 11 female, median = 12.5 years, 16 left-
sided), and 33 age-matched typically developing individuals (CONTROL; 15
female, median= 12.33 years). The language outcome was assessed using age-
appropriate tasks of the Potsdam Illinois Test of Psycholinguistic Abilities (P-
ITPA) or the Peabody Picture Vocabulary Test (PPVT). For group comparisons,
study-specific language z-scores were calculated. Non-verbal intelligence was
assessed using the Test of Non-verbal Intelligence (TONI-4), language
lateralization with functional MRI, and lesion size with MRI-based volumetry.
Results: All four patients with childhood stroke who initially presented with
aphasic symptoms recovered from aphasia. Patients with childhood stroke
showed significantly lower language scores than those in the control group,
but their scores were similar to those of the patients with perinatal stroke,
after adjusting for general intelligence (ANCOVA, language z-score CHILD =
−0.30, PERI =−0.38, CONTROL = 0.42). Among the patients with childhood
stroke, none of the possible modifying factors, including lesion side, correlated
significantly with the language outcome.
Conclusion: Childhood stroke, regardless of the affected hemisphere, can lead
to chronic language deficits, even though affected children show a “full
recovery.” The rehabilitation of children and adolescents with childhood stroke
should address language abilities, even after the usually quick resolution of
clear aphasic symptoms.

KEYWORDS

childhood stroke, aphasia, chronic language deficits, unilateral brain lesion, perinatal

stroke

Introduction

In adults, aphasia is a common symptom of stroke, affecting approximately 30% of all

patients being affected (1, 2). It is more common in patients who had left hemispheric

stroke (1), and those with exclusively hemorrhagic etiology have a slightly lower

incidence than that of those with ischemic or mixed etiologies (1). In particular, lesions
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to the superior temporal lobe are associated with persistent aphasia

syndromes (3). Data on recovery from aphasia is limited. Typically,

aphasia often is a persisting impairment with less than 24% of the

affected patients fully recovering within 18 months (1). Although

most patients show signs of recovery during the first 6 months

after stroke (3), improvement can be observed until much later (3, 4).

After perinatal stroke, language development may be delayed,

and compared to healthy controls, children after perinatal stroke

often score significantly lower on standardized language tests well

into middle childhood (5–7). A large part of this effect, however,

can be attributed to epilepsy (5, 8). In children without epilepsy,

often only subtle deficits in language function are detected

(9, 10), if any (11).

Language development after perinatally acquired left

hemispheric lesions is probably the most prominent example of

early brain plasticity. Contrary to recovery from aphasia in

adults, which heavily relies on the perilesional remainders of the

left hemispheric language network (12), language development

after perinatal left hemispheric brain lesions is often associated

with atypically right hemispheric language representation

(11, 13–16). The driving factors for inter- vs. intrahemispheric

language representation in this patient group are still subject to

research (7, 17). Of note, this compensatory hemispheric

reorganization is not always better: in smaller left hemispheric

lesions, typical language representation might be associated with

better functional outcomes than if atypical language

representation ensues (6).

Ischemic stroke occurring after the neonatal period

(“childhood stroke”) has an incidence of 1–3 in 100,000 children

per year (18, 19). It is therefore rarer than perinatal stroke (4 in

10.000 live births per year (19), despite the neonatal period

lasting only 4 weeks. General cognitive functioning after such

incidents seems to be less favorable when the stroke happened

early as compared to late childhood (20, 21); however, the

relationship between age at insult and outcome is probably non-

linear (22). In comparison to healthy controls, children after

childhood stroke score lower in expressive and receptive language

tests (15). Data on aphasia resulting from childhood stroke is

limited and is complicated by the fact that even the definition of

aphasia in children is not universally agreed upon (23). Although

many clinicians would probably agree that aphasia after stroke is

less common in children than in adults, the limited data

available suggests that, as in adults, about one-third of all

childhood stroke incidents seem to result in aphasic symptoms

(23). With regard to recovery, however, the natural course in

children and adolescents is better (24): 6 months after an

acquired brain injury, only a small fraction of children still show

severe language problems, much less than in a comparable

cohort of young adults (25). Interhemispheric language

reorganization does not seem to be a common compensatory

mechanism in childhood stroke, since most affected individuals

have typical left hemispheric representation (15). Right-sided

language representation is significantly associated with younger

age at injury (24, 26). Due to small sample sizes, data on the

quality of language recovery from aphasia after childhood brain

lesions is limited, and the moderating factors remain unclear.
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In this retrospective cross-sectional observation study, we

explored the long-term language outcome after unilateral brain

lesions acquired during childhood and adolescence. Patients with

perinatally acquired unilateral brain lesions and typically

developing individuals without brain lesions were included as

control groups.

Although stroke is often considered less disabling in children

than in adults, we hypothesized that individuals with childhood

lesions (CHILD) would have worse language function than

healthy controls (CONTROL) of the same age (H1). In

comparison to the patient control group with perinatal strokes

(PERI), we also expected worse language outcome (H2).
Materials and methods

Subjects

Participants were recruited in two large neuropediatric centers

in Germany (University Children’s Hospital Tübingen and Schön

Klinik Vogtareuth) by searching the clinical database, by personal

contacts, and during hospitalization, using the same in- and

exclusion criteria. Typically developing controls were recruited

from the general population through advertisements in the local

press and the clinic’s internal information system. After they

contacted our study staff members, they were screened using a

questionnaire asking for any neurological or psychiatric diagnosis

and problems in cognitive or language development. A formal

assessment confirming normal development was not used.

General inclusion criteria were German as a native language

and age≥ 8 years at study participation. The general exclusion

criteria included contraindications for MRI, a previous

neurological or psychiatric diagnosis (apart from the brain lesion

in the patient groups), and a previous diagnosis of intellectual

disability (IQ below 70). Therefore, we relied on the medical

history or the self-reported intelligence scores. Additionally,

standardized non-verbal IQ scores were acquired during the

study procedure from the Test of Non-verbal Intelligence—

Fourth Edition (TONI-4), and participants with a non-verbal IQ

below 70 were excluded.

The CHILD group included nine patients (three female,

median age = 13.5 years, range 8–27 years, six left-sided lesions)

with unilateral brain lesions such as ischemic or hemorrhagic

infarctions acquired at the age between 29 days and 18 years and

at least 1 year before study participation.

The PERI group (patient control group) included 23 patients

with perinatally acquired unilateral brain lesions such as ischemic

or hemorrhagic infarctions at an age before 29 days (11 female,

median age = 12.5 years, range 8–26 years, 16 left-sided lesions).

The CONTROL group included 33 typically developing

individuals (15 female, median age = 12.33, range 8–29 years).

The majority of the children in the patient groups attended a

regular school. Five children attended a school for children with

special needs, while six children attended a regular school with a

school escort providing support, mostly due to their motor

impairment. Data about school type was missing in two cases.
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The study was approved by the local ethics committee at the

University Hospital Tübingen (No. 693/2014B01). All adult

participants and the parents of underage participants gave their

written, informed consent. The study was performed in

accordance with the Code of Ethics of the World Medical

Association (Declaration of Helsinki in its latest implementation).
Structural and functional MRI

The participants were examined with a Siemens 1.5 T

Avanto (Tübingen) or Symphony (Vogtareuth) MRI scanner.

Functional and anatomical images were analyzed with SPM12

(Statistical Parametric Mapping; Wellcome Department of

Imaging Neurosciences, UCL, UK), CAT12 (by Christian

Gaser and Robert Dahnke, Departments of Psychiatry

and Neurology, Jena University Hospital), and Matlab

(MathWorks, Natick MA, USA). Lesion size was determined

with a semiautomated approach (27).

Language lateralization was determined by fMRI using the

vowel identification task (17, 28, 29). More information about

the MRI sequences and data processing and analysis steps can be

found in (30).
Neuropsychological protocol

To assess language abilities, participants completed two

different tests: the German version of the Peabody Picture

Vocabulary Test-III (PPVT) and the German version of the

Potsdam Illinois Test of Psycholinguistic Abilities (P-ITPA). The

PPVT measures the subject’s receptive vocabulary ability (31).

German standardized age norms cover the range from 13 to 71

years. The P-ITPA (Language Development Score) is a more

comprehensive battery containing measurements of verbal

intelligence, expressive vocabulary, expressive language skills,

phonological awareness, and verbal short-term memory (32).

Standardized age norms cover the range from 4;0 to 11;6 years.

For participants aged 11;6 years or younger, the appropriate age

norms of the P-ITPA were applied, and for participants aged

13;0 years or older, the appropriate age norms of the PPVT were

applied. One patient and three controls were out of the age

ranges of both tests (11;8–12;10 years old). Here, we used the

oldest group of P-ITPA for the two subjects aged <12 years and

the youngest group of the PPVT for the two subjects aged

>12 years.

For the assessment of non-verbal intelligence, we used the

TONI-4, a motor-independent intelligence test that measures

the ability for abstract reasoning. Standardized age norms cover

the range from 6;0 to 89;11 years (33).
Statistical analysis

Within our sample, the raw scores of P-ITPA and PPVT were

highly correlated (r = .845; 95% CI [.756,.903). Since the actuality of
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standardization was strongly divergent between the tests, we

subjected the age-appropriate T-scores (for each participant

either P-IPTA or PPVT) and index scores (TONI-4) of the

participants to a study-specific z-transformation. The resulting z-

score of the age-appropriate language test (either P-ITPA or

PPVT) was then transferred to the new variable “language score.”

We then conducted a univariate analysis of covariance

(ANCOVA), with the factor group (CHILD vs. PERI vs.

CONTROL) and the independent variable “language score”

(either P-ITPA or PPVT sample-standardized z-score, according

to age). We introduced the covariates “language test” (i.e., the

use of P-ITPA or PPVT) and IQ (TONI-4 z-score).

Since epilepsy was present only in the PERI group, we were not

able to use epilepsy as a covariate. Thus, we repeated the same

analysis with only those PERI patients without epilepsy post hoc.

To identify potential modifiers of language performance in the

patient groups, we conducted separate correlation analyses between

the variable “language score” and sex (male vs. female), age at

injury, intelligence (TONI-4), lesion side (left vs. right), lesion

volume (vol), and language lateralization index (LI). The

significance threshold was Bonferroni-corrected for multiple tests,

resulting in a threshold of p = 0.05/6 = .0083.
Results

Individual patient characterization can be found in Table 1.

Group comparisons are shown in Table 2.

CHILD group: Six out of nine patients had a left-sided stroke.

Of these, four initially presented with aphasia from which all had

recovered at the time of study. No patient in this group had

epilepsy. In one child with a left-sided stroke, the functional MRI

activation was not strong enough for interpretation of the

language lateralization score. The remainder of the group showed

a left-sided activation pattern.

PERI group: 8 out of 23 patients had epilepsy (three drug-

resistant), and 16/23 patients had a left-sided lesion. Of these,

seven had a typical left-sided language representation and eight

had an atypical pattern (one patient without interpretable fMRI).

Of the nine patients with right-sided lesions, one had an atypical

language activation pattern.

Language lateralization differed significantly between the three

groups (ANOVA, F2,57 = 18.093, p < .001). Post hoc Scheffé tests

revealed that group PERI had significantly less leftward-oriented

language than the other two groups (mean LI CHILD = .786,

mean LI PERI = .125, mean LI CONTROL = .772; p < .001). Also,

non-verbal intelligence differed significantly between the three

groups (ANOVA, F2,62 = 3.912, p = .025). Post hoc Scheffé tests

revealed that group PERI scored significantly lower than group

CONTROL, but not significantly lower than group CHILD

(mean TONI-z CHILD = 0.238, mean TONI-z PERI =−0.45,
mean TONI-z CONTROL = 0.253, p = .033).

Testing our main hypothesis, the ANCOVA revealed a

significant group effect for language score, after correcting for

language test version and intelligence (F2,60 = 8.059; p = .001).

Both patient groups scored significantly lower than the control
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TABLE 2 Sample characterization.

CHILD (n = 9) CONTROL (n = 33) PERI (n = 23) Significance
Age at MRI [months; median (range)] 162 (96–331) 148 (98–353) 150 (96–313) p = .929a

Male/female 6/3 18/15 12/11 χ2 = .752

TONI-4 index score [IQ-scale; median (range)] 105 (84–122) 103 (82–124) 97 (77–121) p = .024a

P-ITPA index score [T-scale; median (range)] n = 4
46 (38–63)

n = 16
56 (41–80)

n = 11
51 (41–60)

p = .142a

PPVT index score
[T-scale; median (range)]

n = 5
54 (48–73)

n = 17
63 (51–73)

n = 12
45 (33–59)

p < .001a

aNon-parametrical median comparison (Kruskal–Wallis), two-tailed.

FIGURE 1

Group differences in language performance.
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group (mean corrected language score CHILD =−0.299, mean

corrected language score PERI =−0.378, mean corrected language

score CONTROL = 0.410), as depicted in Figure 1.

After the exclusion of patients with epilepsy from the PERI

group, the results remained largely the same: A significant group

effect on language score (F2,45 = 6.701; p = .003), with both

patient groups scoring significantly lower than the control group

(mean corrected language score CHILD =−0.237, mean corrected

language score PERI =−0.214, mean corrected language score

CONTROL = 0.451).

For group CHILD, none of the potential modifiers lesion side,

sex, lesion size, age at the time of injury, or time since the event

correlated significantly with language scores (Table 3A). In group

PERI, language performance was significantly associated with sex

(r =−0.517, p = .012), but not with any of the other

variables (Table 3B).
Frontiers in Pediatrics 05
Discussion

Our main finding is that unilateral brain lesions acquired in

childhood and adolescence can lead to chronic language deficits,

regardless of the hemisphere affected. This result is both

surprising and of clinical relevance.

Language reorganization after left hemispheric lesions to the

developing brain (with, unlike in adults, the right hemisphere has

the potential to “take over”) is probably the best-known example

of the special compensatory potential of a child’s central nervous

system (“developmental plasticity”). Many studies have

demonstrated that pre- and perinatally acquired left hemispheric

brain lesions often lead to atypical right hemispheric language

representation (13, 15, 16, 34, 35), a compensatory mechanism

that does obviously not belong to the repertoire of a mature

brain. Atypical right hemispheric language representation is
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TABLE 3 Correlation coefficients between potential modifiers and language performance in patients with postneonatal childhood stroke (A) and
patients with perinatal stroke (B).

z-score language
performance

Lesion side Sex Lesion size Age at injury Time since injury Lateralization
index

A
CHILD group a (N = 9)

τ = −.079, p = .796 τ = .471, p = .121 τ =−.333, p = .211 τ = .000, p = 1.000 τ = .000, p = 1.000 τ = .000,
p = 1.000

B
PERI groupb (N = 23)

r =−.238, p = .273 r =−.517, p = .012 r = −.141, p = .531 N/A N/A r =−.005,
p = .985 (N = 19)

aNon-parametrical correlations (Kendall’s tau-b), two-tailed.
bParametrical correlations (Pearson r), two-tailed.
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probably the reason for the relatively good language outcome in

these individuals, which is clearly better than the chronic aphasia

seen in adults with comparable brain lesions (36). However,

there is also broad evidence that a perinatally acquired brain

lesion can impair language function when compared to that of

individuals with non-lesioned brains (5, 22, 37–39), although the

presence of epilepsy may be a decisive factor (8). The fact that

we now show here that individuals with a history of unilateral

brain lesions acquired in childhood, and without epilepsy,

perform below healthy controls in language tests, therefore

is unexpected.

Due to the low incidence of childhood stroke, data on language

outcome of these patients is only just accumulating. Post-stroke

acquired aphasia affects approximately one-third of childhood

stroke patients [here defined as “acquired after the age of two

years” (23)] and is therefore as common in children and

adolescents as it is in adults (1). However, younger individuals

seem to fully recover more often from stroke-induced aphasia

than older ones (40). Indeed, while a substantial proportion of

adults have aphasic symptoms years after the incident, chronic

aphasia is extremely rare in children and adolescents. The

neurological mechanism underlying this recovery is different

from the one following lesions acquired in the neonatal period

since successful interhemispheric reorganization of language is

uncommon following brain lesions acquired after the age of two

to three years (15, 24). This was the rationale for our hypothesis

that patients with perinatal stroke would have better language

function than patients with postneonatal stroke. However, this

was not the case: While both patient groups had significantly

lower language scores than healthy controls after correcting for

general intelligence, no significant difference was detectable

between the two patient groups (PERI and CHILD). Although

the absence of significance is not evidence for equality, Figure 1

illustrates a striking overlap between the two groups. After

controlling for the effect of epilepsy by excluding patients with

epileptic seizures from the perinatal group, the groups converged

even more. Thus, our results imply that a complex function such

as language depends on an intact central nervous system.

Non-verbal fluid reasoning, however, seems to be more robust.

In a previous study focusing on patients with perinatal brain

lesions with or without epilepsy, we did not detect a significant

difference in verbal function between healthy controls and

patients with left hemispheric lesions without epilepsy (8). Our

current results seem to contradict this finding, since both our

patient groups differed significantly from controls in their
Frontiers in Pediatrics 06
language scores. As illustrated in Table 2, the controls’ non-

verbal intelligence lies within the middle normal range, arguing

against a recruitment bias. A reason for the different results

could, however, be our approach to language testing. In the

previous study, we analyzed raw scores of the P-ITPA test for all

participants and corrected for age in the analyses (8). For the

current study, we used age-appropriate standard scores for P-

ITPA or PPVT. Therefore, while sacrificing the advantage of

homogeneous sets of tasks for all participants, we gained the

advantage of acquiring age-appropriate standard scores for all

participants. In post hoc analyses (available in the Supplementary

Material), the significant difference between controls and patients

with perinatal brain lesions is driven by the PPVT scores used

for individuals older than 12 years. Interestingly, when analyzing

the PPVT raw scores in the younger sample, no group effect can

be identified, while an analysis of the P-ITPA raw scores for the

older sample only reveals a significant group effect, even after

excluding the patients with epilepsy. Thus, the older patients

with perinatal lesions seem to have more prominent language

difficulties than the younger ones, irrespective of the test used.

This phenomenon of “growing into deficit” during late childhood

and adolescence has been described before for general cognitive

abilities in patients with neonatal stroke (41). In the future,

systematically assessing older children and adolescents may help

correct the picture that no (language or cognitive) deficits ensue

following childhood stroke.

An additional conclusion to be drawn from our results is that

lesion side does not seem to have a significant impact on language

function in the chronic phase of recovery. This is all the more

interesting as all patients with acute aphasia had a left

hemispheric lesion, implying that the likely bilateral networks

necessary to support complex functions such as language require

sufficient neural substrate to develop.

The clinical impact of the long-term language impairment in

both our patient groups is substantial. Although children and

adolescents usually do recover from aphasia, the more subtle

language problems we have identified here may significantly

impair both the academic and social participation of the

individuals, especially if the deficits become more obvious during

late childhood. It was previously shown that in school-aged

children, language proficiency significantly predicts reading

abilities, secondary school achievement, and later occupational

attainment (42). Language impairment may therefore critically

influence social interaction and participation both in the family

setting and, even more, in extrafamilial contexts (43). Thus,
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rehabilitation of children and adolescents with stroke should always

keep an eye on language skills, even after clear aphasic symptoms

have long since resolved.
Limitations

The main limitation of our study remains the small sample

size (CHILD, n = 9; PERI, n = 23; CONTROL, n = 33), which

reduces statistical power and makes conclusions less

generalizable. It must be considered, however, that childhood

stroke is a rare event (18). Therefore, the recruitment of these

patients is difficult and studies including a sufficiently large

number of individuals for fine-grained analyses of modulating

factors and interactions are, unfortunately, very difficult to

conduct. Our results have therefore been considered as

“preliminary.” The long-term language outcome should be

investigated further in the future—ideally as multicenter

studies and with the aid of more homogenous standardized

tests. The need for two different language tests, due to the age

of the participants, is another limitation of our study.

However, in the absence of a standardized language test

suitable for German-speaking individuals between 8 and 30

years, we had to use two different assessments. In our current

analyses, we traded test homogeneity for age appropriateness,

leading to a different perspective on the group comparisons

than in a previous study using a different approach. Another

limitation of our study is that there was no additional

evaluation of psychiatric components and neurodevelopmental

disorders carried out by a child neuropsychiatrist to guarantee

the exclusion criteria. However, the existing medical records of

the clinical databases were screened for psychiatric and

neurological comorbidities for the patient group and, if

available, previously performed neuropsychological tests were

considered. A further limitation is that we have not collected

data on learning disorders. Hence, we cannot exclude that

despite average scores in non-verbal cognitive abilities, our

patients show deficits in these aspects of cognition. Also, we

have not collected data on the sociocultural and family context

of our participants and therefore cannot exclude that they

differ in the sociocultural and family context.
Conclusion

We demonstrate that in childhood stroke (and similar to

perinatally acquired stroke), lesion side does not clearly

predict later language impairment, in agreement with

previous studies (8, 44). Further, language impairment may

only become obvious long after the initial insult, likely

reflecting a “growing into deficit” mechanism. We therefore

suggest following up language function not only in left

hemispheric but also in right hemispheric childhood stroke

and to continue to do so even after initial aphasic symptoms

have resolved.
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